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Claim 

A type of linear pulse motor characterized by the following facts: it is composed of a II 
stator having teeth set at a prescribed pitch and a moving element that has teeth set at a pitch 
different from said pitch and facing the teeth of said stator and has an electromagnetic means for 
exciting said teeth; by controlling excitation of said electromagnetic means, said moving element 
performs linear movement with respect to the stator; in this linear pulse motor, each of the teeth 
of said stator has its two ends in the direction perpendicular to the movement direction of said 
moving element non-magnetized, and, at the same time, the structure is such that the relationship 
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of 1 jlxL is met, where 1 represents the tooth width of the moving element in the direction 
perpendicular to the movement direction of the moving element, and L represents the tooth width 
of the stator. 

Detailed explanation of the invention 

(a) Technical field of the device 

This device pertains to a type of linear pulse motor (also known as stepping driving 
device, to be referred to as LPM hereinafter), such as a LPM that carries a carriage performing 12 
reciprocal movement parallel to the platen in a printer for printing. 

(b) Technical background 

In the recent years, with development and widespread use of office automation 
equipment, printers have become indispensable. Various types of printers have been developed. 
However, they share a common feature, that as shown in Figure 1, each printer has carriage (30) 
for printing, and the carriage performs movement in the direction indicated by arrows A and B 
and parallel to platen (22). Recently, a LPM has been adopted. In Figure 1, (3 1) represents paper 
for printing, (40) represents a type wheel, and (32) represents an ink ribbon. 

LPM has said carriage (30) carried on it and performs linear movement at a prescribed 
step amount works on the base of the well known Sauyer principle, and it has a structure shown 
in Figure 2(a). Coils C and D wound on core (50a) and coil E wound on core (50b) are wound in 
series, respectively. The lead wires (not shown in the figure) are located to the left and right of 
moving element (1). Positive and negative pulse signals are applied on them, respectively. (51) /3 
represents a permanent magnet; (2) represents a roller; and (23) represents teeth of stator (6). 
Moving element (1) moves on stator (6) in the direction indicated by arrow B with a prescribed 
step pitch. Figure 2(b) is a front view illustrating said LPM. Figure 2(a) is a cross-sectional view 
taken across A- A' in Figure 2 [sic, 2(b)]. Grooves (24) shown in Figure 2(a) are formed on stator 
(6) shown in Figure 2(b). Consequently, they are indicated with dot lines in Figure 2(b). 

Moving element (1) of LPM shown in Figures 2(a) and (b) carries the carriage shown in 
Figure 1 on it and moves. By means of an impact mechanism not shown in the figure, the 
printing type is pressed on the platen through ribbon (32) and paper (3 1) to perform printing on 
paper (31). 

(c) Prior art and problems to be solved 

Figures 2(a) and (b) illustrate the structure and the names of the various parts of the 
conventional LPM. In this LPM, the force of the impact mechanism in pressing the platen 
depends on the printing type on type wheel (40). Naturally, as the pressing force is applied on the 14 



platen, its reactive force is applied on the carriage. As a result, a displacement of moving element 
(1) in the direction indicated by arrow I is generated As this displacement changes each time the 
printing type is changed, the letter next printed on paper (31) becomes lighter or darker, or, in 
certain cases, the next letter may not be printed at all. This problem occurs frequently. 

The reason for easy displacement of moving element (1) can be explained in more detail 
as follows with respect to the structure of LPM. 

Figure 3 is a diagram illustrating an example of the constitution of stator (6) of LPM. It is 
prepared by forming square holes on plate (9) with high permeability by means of etching or the 
like, followed by bonding on base material (10) also having a high permeability. In this way, on 
the cross-section taken across Z-Z' of Figure 3, regular bumps and dips are formed in the length 
direction of the stator, with bumps (23) acting as teeth of the stator and dips (24) acting as 
grooves. 

As shown in Figure 4(a) and Figure 5(a), tooth width 1 of moving element (1) is formed 
equal to or smaller than tooth width L of stator (6). Also, magnetic field lines O generated IS 
between stator (6) and moving element (1) are also shown in these two figures. 

As shown in Figure 4(a), when teeth (40) of moving element (1) become in agreement 
with the teeth of stator (6), distribution of the magnetic field lines becomes left/right symmetric. 
However, as shown in Figure 4(b), when moving element (1) makes a little displacement in the 
lateral direction, magnetic field lines F are generated, and distribution of the magnetic field lines 
become asymmetric. The magnetic resistance becomes smaller in portion (1 1) free of teeth of 
stator (6). As a result, magnetic force F acts to increase the displacement of moving element (1) 
in the lateral direction. 

Also, as shown in Figure 5(b), when tooth width L of stator (6) is larger than tooth width 
1 of moving element (1), as shown in this figure, no change takes place in the distribution of 
magnetic field lines. Consequently, no magnetic force acts in the tooth width direction, and 
moving element (1) is left displaced. 

Various methods have been designed to suppress said displacement of the moving 
element. In the method shown in Figure 6(a), convex rail (52) is set on stator (6), and groove 
(24) is cut on the rail End surfaces (3) of rollers (2) for movement hold rail (52) between them. 
In the method shown in Figure 6(b), flange (5) is formed on roller (2) for movement on one side, 16 
and it is guided in groove (7) formed on stator (6) parallel to the longitudinal direction of the 
stator. In the method shown in Figure 6(c), arms (36) are attached on the two sides of moving 
element (1), and rollers (8) for suppressing displacement are set on the arms, respectively. 
However, the methods shown in Figure 6 have their disadvantages. In the method shown in 
Figure 6(a), there is a friction between end surface (3) and convex portion (52). In the method 
shown in Figure 6(b), collision takes place between flange (5) and stator (6), so that the driving 
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load becomes higher. In the method shown in Figure 6(c), rollers (8) and arms (36) have to be set 
as new parts. Consequently, the mechanism becomes complicated, and the price becomes higher. 

(d) Purpose of the device 

The purpose of this device is to solve the aforementioned problems of the prior art by 
providing a type of LPM characterized by the fact that no displacement in the tooth width 
direction takes place even when an external force or an uneven force is applied in the tooth width 
direction. 

(e) Constitution of the device 

The aforementioned purpose of this device is realized by a type of linear pulse motor 
characterized by the following facts: it is composed of a stator having teeth set at a prescribed 
pitch and a moving element that has teeth set at a pitch different from said pitch and facing the 11 
teeth of said stator and has an electromagnet means for exciting said teeth; by controlling 
excitation of said electromagnet means, said moving element performs linear movement with 
respect to the stator; in this linear pulse motor, each of the teeth of said stator has its two ends in 
the direction perpendicular to the movement direction of said moving element non-magnetized, 
and, at the same time, the structure is such that the relationship of 1 nL is met, where 1 represents 
the tooth width of the moving element in the direction perpendicular to the movement direction 
of the moving element, and L represents the tooth width of the stator. 

(f) Application Examples 

In the following, this device will be explained with reference to application examples. 

Figures 7(a) and 8(a) are front views illustrating the structure of LPM. Here, roller (8) is 
omitted to simplify the figures. 

As can be seen from said two figures, the LPM of this device has a structure in which 
teeth (23) of stator (6) facing teeth (40) of moving element (1) protrude from base table (6). 
Figure 9 is an oblique view illustrating this structure. This stator differs from the stator shown in /8 
Figure 3. The portion indicated by (1 1) in Figure 9 is removed by, say, cutting. As a result, for 
each of teeth (23) of the stator, the two ends in the direction perpendicular to the movement 
direction of moving element (1) (the longitudinal direction of the stator) are made non-magnetic. 

As can be seen from Figures 7(a) and 8(a), for the LPM of this device, tooth width L of 
the stator protruding from said base table (10) is equal to or smaller than tooth width 1 of moving 
element (1) (L<€). 
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Now, suppose an external force is applied on moving element (1), displacement takes 
place for the moving element as shown in Figures 7(b) and 8(b). As a result, as also shown in 
said two figures, magnetic field lines O make fluctuation, leading to increase of the magnetic 
resistance. However, in this case, recovering force P takes place so as to have a tendency of 
decrease in the magnetic resistance. As shown in Figures 7(a) and 8(a), moving element (1) 
travels in a strict left/right symmetric way right above teeth (23) of stator (6). 

Figures 10(a) and 1 1(a) illustrate a modified application example of this device. The teeth 
of stator (6) are divided to plural [portions] (23a), (23b) or (23c), Also, the teeth of moving 19 
element (1) are divided to portions (40a), (40b) or (40c). 

As can be seen from these two figures, the rate of variation in the magnetic resistance 
with respect to the displacement is high. Consequently, as shown in Figures 10(b) and 1 1(b), the 
recovering force becomes higher even when a displacement takes place for the moving element 
with respect to the stator. 

In this case, as can be seen from the example shown in Figures 10 and 1 1, it is necessary 
to meet the condition of 1 \x L for each of the facing teeth. 

Figures 12(a) and (b) illustrate a method for forming the stator in said modified 
application example. As shown in Figure 12(b), the stator is prepared by laminating plural plate 
shape members (12) with tooth portion and plural plate shape members (13) without teeth 
prepared by punching thin silicon steel sheets in a prescribed sequence in the direction indicated 
by arrow K. 

In this constitution, the stator acts as a core just as that used in the conventional motor, 
and the eddy current flowing in the stator can be reduced. Consequently, it is possible to realize 
an LPM that has a lower loss and can perform high-speed operation. In this case, as the stator is AO 
prepared as a laminate of plate shape members, the moving element should also follow it [sic; 
should also have the same structure]. 

Also, in this device, if balls indicated as (14) in Figure 13 are used in place of rollers as 
the supporting method for moving element (1), recovery can be realized easily even when the 
moving element makes displacement. 

Also, as shown in Figure 14, one may also adopt a mechanical displacement suppressing 
means, such as flange (5) of roller (2) and groove (7) of stator (6) as an auxiliary means at the 
same time. In this case, it is possible to reduce the friction and impact load between flange (5) 
and groove (7). Also, as a carriage driving source of an impact serial printer, one may use an 
electromagnet in place of permanent magnet (51) shown in Figure 2(a), and excite the 
electromagnet only when impact is performed. 
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Effects of the device 

As explained in detail in the above, the linear pulse motor of this device has a simple 
structure, yet a high recovering force. Consequently, it is expected to display major effects in 
practical applications. 

4. Brief description of figures /ll 

Figure 1 is a schematic diagram illustrating the main portion of a printer. Figure 2 
illustrates a conventional linear pulse motor. Figure 2(a) is a cross-sectional view. Figure 2(b) is 
a front view. Figure 3 is an oblique view of the conventional stator. Figures 4(a), (b) illustrate the 
case when the tooth width of the stator is equal to that of the moving element in the prior art. 
Figures 5(a), (b) illustrate the case when the tooth width of the stator is larger than that of the 
moving element in the prior art. Figures 6(a), (b), (c) illustrate the displacement suppressing 
means for the moving element of the conventional linear pulse motor. Figure 7(a) and Figure 
8(a) are front views illustrating the structure of a linear pulse motor of this device. Figure 7(b) 
and Figure 8(b) are diagrams illustrating the state when a recovering force acts immediately after 
displacement in the moving element when an external force is applied on the linear pulse motor. 
Figure 9 is a diagram illustrating the structure of the stator of the linear pulse motor in this 
device. Figure 10(a) and Figure 1 1(a) illustrate the first modified application example of this 
device. Figure 10(b) and Figure 1 1(b) are diagrams illustrating the state when a recovering force 
is generated in this modified application example. Figures 12 (a), (b) are diagrams illustrating the 
case when the stator of the linear pulse motor of this device is made of laminated sheets. Figure 

13 is a diagram illustrating the state when an auxiliary means is adopted in this device. Figure 14 /12 
is a diagram illustrating another example in which a mechanical displacement suppressing means 

is adopted as an auxiliary means. 

1 Moving element 

2 Roller 

5 Flange 

6 Stator 

7 Groove 

14 Ball 

23 , 23 a, 23b, 23 c Teeth of stator 
24 Groove 

40, 40a, 40b, 40c Teeth of moving element 




Figure 3 




Figure 5 (a,b) 
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Figure 7 (a,b) 






Figure 9 
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Figure 1 1 (a,b) 
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Figure 13 




